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THE ISOLATION OF A SPIRAN IN THE REARRANGEMENT OF
AN 0-BROMO-q,3-UNSATURATED STEROIDAL KETONE
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Abstract: A new acid-catalyzed aromatization of 3-bromocholest-2-en-4-one has
been found and a spiranic product is really captured in this rearrangement.

The dienone-phenol rearrangement was studied during investigations of possible routes to the
oestrogenic hormones, and numerous rationalizations of the exact mechanisms have been reported in
an attempt to explain the anomalous results. ! At present,
only two reaction paths are generally acceptable: one involves J\'LL‘ w(A"‘l_,
1,2-shift of angular methyl group in a carbonium ion(i) and 0 @‘
another involves double 1,2-shifts of alkyl group(C-9) via a
cationic spiran intermediate(2). To our knowledge, however, 1 2
no spiran has ever been isolgted in the acid-catalyzed aromatization of steroidal ring A.

We now report the isolation of a spiran from the new dienone-phenol type rearrangement of an
a-halo-a,B-unsaturated steroidal ketone. As the most suitable substrate we selected 3-bromocholest-
2—en~4—one2(§), because «-~-bromo-a, B-unsaturated ketones are at the same level of oxidation as

dienones they might aromatize by a H
eth17

dienone-phenol type pathway. In "\/LL‘
practice, successful aromatization KOAc

_—_ +
and isolation of the target spiran HOAc
were achieved by the treatment of Br O*il 0
the bromo-~ enone (3) under acetolytic 3 i

conditions, whereas the substrate is stable under the other acidic conditions,?

A solution of 3 with a 33 fold excess of potassium acetate in glacial acetic acid was heated
under reflux in a nitrogen atmosphere., The reaction was complete in 20 hr (t.l.c.). After usual
treatment, Lobar column chromatography of the crude product gave the desired spiran (4; 21.6%) and
aromatic steroids (E; 31.7%, g; 5.6%). N

The spiran 4 and other phenolic products are unknowns and the structures were confirmed by
spectroscopic analyses® as follows. In the IR spectrum ﬁl_ shows absorption bands at 1658cm ™' due
to a carbony! group and at 1625 and 1560cm ~! due to double bonds. The UV spectrum exhibits Amax
323nm (e 7200). The 'H-NMR spectrum shows a 3H singlet at § 2.02 which can be attributed to the
methy! group attached to an olefinic carbon atom(C-10) and three olefinic proton signals at § 5.93(d),
6.07(d), and 6.95(dd).  Particularly, the correctness of C-5-spiran structure has been supported vigor-
ously by the fact that the '*C-NMR spectrum shows a singlet at & 65.39 attributed to C-5.

The IR spectrum of the phenol 5 shows bands of OH (3610cnT!) and of aromatic ring (1590cm™).
The UV spectrum exhibits Amax 285nm (¢ 2000). The 'H-NMR spectrum shows a characteristic broad
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doublet {J=14,5Hz, Wy=7.0Hz) at § 2.80 due to 6x-hydrogen under the deshielding effects of 4-
hydroxyl group® and two doublets at & 6,55 and 6.85 (J=8.8Hz)} due to the aromatic hydrogens.
The '?C-NMR spectrum shows signals at § 47.05(g, C-19), 111.58(d, C-3), 124.61(s, C-5), 128.91(s, C-
1), 129,07 (d, C-2), 140.54 (s, C-10), and 151.33 (s, C-4).  Acetylation of 5 with acetic anhydride-
pyridine gave 6.

We also i~nquired into the possibility of further alkyl migration in the spiranic structure(g) to
form a phenolic product: actually 4 was further treated with potassium acetate in glacial acetic acid
and was also attempted to aromatize under the other acidic conditions,® but in all cases, the com-
pound was found to be stable and was surely recovered unchanged.

Thus, the reaction can be envisaged as proceeding through two mechanistic paths via mesomeric

dienol cations(7 and 8). The formation of the spiran probably proceeds via migration of C-9-10 bond

[ — O [y

HO H OH OH 7 OH 4

OH OH

to C-5, with subsequent loss of the proton from the enol. Whereas the formation of the l-methyl-
phenol(5) might involve a simple 1,2-shift of the angular methyl group from C-10 to C-1,

T,l‘:ese experiments represent the first example of the isolation of a spiran from the acid-
catalyzed rearrangement of steroidal hormones, supporting the intermediacy of such systems in this

type of reactions.
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